As an important part of land surface process, the study of lake water quality has received extensive attention. Besides, it has become a hotspot in the field of water environment research. This article summarized the research progress both at home and abroad over the lake water quality simulation. And it simply introduces some basic theories of lake water quality, including simulation equations and basic equations of discrete. Finally, it expounds the development trend of the lake water quality numerical simulation and provides references for the application and promotion of the lake water quality numerical simulation.
Introduction
According to the definition of modern geology, the lake refers to the formation of the water depressions on the land. It's a kind of slow commutation water, which is relative broad. It is connected with the interaction of the atmosphere, biosphere, pedosphere and the terrestrial hydrosphere. Moreover, it plays an irreplaceable role in terms of regulating the regional climate, recording regional environmental change and maintaining the system of regional ecological balance and reproduction biodiversity. The formation, disappearance, expansion and contraction of the lakes and the evolutionary process of ecological environment caused by them are the results of interaction with the global, regional, local tectonic and climatic events. Especially the inland lakes, which have a keen indication in the climate change [1] . The pollution of the large water bodies threatens the use of water. However, it's far less enough considering the quantity of water when studying the use of water. We must analyze and predict the water quality, study the migration, diffusion, attenuation and conversion rules of the water pollutants. With the continuous improvement and innovation of the computer performance and numerical techniques, numerical simulation is becoming the most important tools in the water treatment. And the numerical simulation of water quality in rivers and lakes has been a hot and difficult issue. Lake water quality numerical simulation can digitize the elements of lakes to provide the data support for the water environment studies. Meanwhile, it can simulate the situation of the lake after treatment, and predict its effect.
Research Progress in Numerical Simulation of Hydrodynamic Shallow Lakes
Lake water dynamics simulation study is an important aspect. And the mainly dynamic processes--wind-driven current, wind chung increase or decrease in water, seismic waves, waves,directly or indirectly restrict the evolution and development of the lake environmental systems.Many researchers at home and abroad have done a lot of work in this respect, and has obtained many achievements for reference.
Shallow lakes hydrodynamic mathematical model can be divided into four categories: Zero-dimensional Model, the integration of the two-dimensional model of the entire layer,multilayer integration quasi-3D Models and 3D Models.
Zero-Dimensional Model
The application of Zero-dimensional Model has its range of application. Substantially uniform mixing of small shallow lakes can be used as Zero-dimensional Model.Within the system, the water body is fully mixing, the substances into the system are scattered to the whole system immediately.This continuous flow completely mixed closed reaction system is an ideal state [2] . Hydrodynamic equations of zero-dimensional model is the water balance equation. And itsprinciple is solving the water body changes and the outflow process ,based on the of inflow and discharge relationship of water body and according to the water balance equation. The process of Zero-dimensional Model is rough, which greatly limits its application.
The Two-Dimensional Modelof the Entire LayerIntegration
The two-dimensional model was firstly proposed by Hansen [3] .And it was used to calculate diving sea levelchange process and trend.Subsequently, Leedertes developed the two-dimensional model to calculate the estuary and sea area water flow regime. Gallagher, Liggettetal also established a two-dimensional mathematical model of the wind-driven circulation.Our country began to study the lake hydrodynamic numerical simulation until the mid-1980s. Wu first designed the entire layer integration of two-dimensional shallow layer dynamics mode. He applied this model to Taihu Lake, and got some meaningful results about wind flow , wind chung increase or decrease in waterand so on [4] .Today, two-dimensional model is relativemature and iswidelyused to calculate the actual engineering.The model is the most appropriate to the study of the wide and shallow lakes.Not getting the vertical distribution of velocity is its deficiency. The lake surface wind stress and bottom friction term commonly used semi-empirical formula to solve.
Quasi-Three-Dimensional Model of a Multi-layer Integration
Simon proposed multilayer mode to calculate large lake circulation.As a simplified three-dimensional model, hierarchical model promotes the two-dimensional numerical methods and computational program mode.This model is relatively simple and applicable to the actual stratified flow calculation.But multi-mode is a little bit rough. There are many shortcomings such as: it's limited when you want to increase the number of layers and so on.Internal friction coefficientmust be the introduced of between layer and layer, but the coefficient has no fixed value, and it is difficult to accurately be set.Assuming with between layers and layersbeing waterproof, when flow exists obvious rise or sink, it can lead to computational instability and so on.
Three-Dimensional Model
Davies developed a three-dimensional model to calculate stratified flow.And Simon developed three-dimensional model of large-scale wind-driven circulation of lakes.In recent years, our lakes numerical hydrodynamic simulations have made great progress.China focuses on large shallow lake like Taihu lake. Liang [5] built a three-dimensional numerical simulation of wind flow about Taihu Lake.In theory, the three-dimensional model is better to reflect the actual flow natural state, especially for three-dimensional flow of some deep-water lakes.However, three-dimensional model is still in the exploratory stage, and there is still a gap in the actual project.
The Basic Theory of Lake Water Quality Numerical Simulation The Basic Equations
Shallow water fluid quantity and quality coupling model is constituted by two-dimensional shallow water equations and a convection-diffusion equation. h is the water depth, m; u, v is x, y direction of the vertical component of the average velocity respectively, m/s; Ci is the vertical average concentration of pollutants, mg/L; g is the gravitational acceleration, m/s 2 ; D ix , D iy is x,y direction of the diffusion coefficient of each pollutant respectively; K ci is for the pollutant degradation coefficient, d 
The Dispersion of the Basic Equations
Numerical Methods.
(1)Finite Difference Method: Finite Difference Method is a traditional method of calculation, which is characterized by a rectangular grid or orthogonal curvilinear grid to the calculated area. Each calculated variables are arranged on a grid node. Its principle is based on the Taylor series expansion for the differential equation with derivative term used the differential to approximate. This numerical method develops most rapidly in mesh generation and programming. It includes explicit method, implicit method and half hidden half explicit method [6] .
The advantages of FDE are: the mathematical concept is clear; programming and basic information is relatively simple to organize; small footprint; the convergence and stability of calculations are more mature. Its biggest drawback is that the border is very difficult to fit. Therefore, in terms of the calculation region's generalization and numerical solution's accuracy, there are fundamental difficulties. In order to overcome its limitations, many scholars have committed to deal with the problem of irregular border, such as American J. F. Thompson [7] proposed boundary coordinates fitting method. In principle, using these methods can solve any arbitrarily complex to set boundaries and change it into regular geometric boundary. But this leads to a complex control equations. FDE is suitable for all types of partial differential equations, and it's the largest and most successful method currently used.
(2)Finite Element Method Finite Element Method is different from Difference Method. It's the integral form of the discrete method. Unlike classical finite element based on variational principles, modern finite element is based on function analysis or optimization theory. It can be seen as a unified form for generalized weighted residual method of weak solutions to the equations. If you select a specific weighting function, finite element method can be reduced to the finite-difference and finite volume methods. Since having any partial encryption, boundary adaptability, versatility and high precision, finite element is a huge success in solid mechanics. When this calculation method is applied to the study of fluid dynamics, simply using of the Galerkin method will cause problems of stability and convergence; this is the major obstacle which defends finite element widely used in the field of computational fluid dynamics. In addition, when FEM is used for flow calculation, for unsteady flow, it must solve large linear equations every time. This is time-consuming. Meanwhile, Galerkin FEM is suitable for solving the oval boundary value problem in mathematics. It doesn't apply to solving convection dominated transport problems. Because it doesn't take the convection effects in to account, we derive discrete equations with pathological nature ofa certain degree. Thus it often results numerical solution shocks [8] .
The advantages of finite element method are flexible mesh, easy to handle irregular border, but it needs large memory computing. The matrix formed by finite element method is not always sparse matrix, and computational effort is large, the program is not easy to generalization. Especially when used for turbulence model, the finite element method is not yet mature. It is still in the exploratory stage.
(3) Finite Volume Method Finite volume method is also known as the control volume method. The basic idea is to divide the calculated area into a series of non-repeating units (control volume), to make each grid node have a control volume, to use the dependent variable on the grid nodes as the unknowns, to assume its distribution to be regular among the grid nodes, to integral the control equations for each control volume, to compose a set of discrete equations, and to combine boundary and initial conditions to obtain the numerical solutions. Compared with other methods, because the equations assume that the dependent variable distribution between the mesh nodes on the basis of integral the control volume, its volume of each control points can meet strict conservation. Thus, for the entire calculation region, regardless of the size of the grid scale, discrete equations can satisfy conservation law. FVM reflects the geometric flexibility of the FEM, the accuracy of MOC and the conservation of FDM. It is a combination of these methods with classic FVM.
Boundary Treatment. Shallow water flow problems are mixed initial boundary value problems which exists the real boundary. Boundary conditions can be divided into two categories. Firstly, fix the boundary points, the value of dependent variable or the relationship among the dependent variables. This can reflect the impact of the extraterritorial calculation units. It is called the physical boundary conditions, also known as the boundary condition. Secondly, the complementary mathematical conditions given to determine the boundary points' dependent variable reflects the impact of computing within the region, known as the numerical boundary conditions. These conditions can be established by mathematical equations or purely by the artificial numerical processing.
Boundary conditions can't be arbitrarily given. It must have two basic requirements. One is to make the computational problems applied in the mathematic ways, and it must be reasonable physically. Another is to try not to affect the accuracy and stability of numerical solutions within points.
Development Trend of Lake Water Quality Modeling
Theoretically, for any complex water quality problems, using numerical methods can obtain solutions which are appropriate precision. Currently the major limiting factor in the existing mode of verification and evaluation are concentrating in certain lakes, but these lakes are not representative of the different hydrological conditions. Besides, the mode commissioning and parameter setting are relative to this narrow target application area, leading to a lack of universality of the simulation results. Meanwhile, people realize that lake pollution intensifying, physical and chemical reactions of pollutants in lakes occurring during migration and with biochemical role of microorganisms participating, it has some impacts on the degradation of pollutants. Moreover, it is bound to affect the concentration of solute transport. Therefore, it affects people's assessment of the lake's resources. So it has increasingly become the focus of attention. Therefore, considering the physical and chemical reactions and biochemical effects in order to deepen the study of solute diffusion coefficient and degradation coefficient, perfecting the solute transport model, on the one hand, it should expand its range of applications, on the other hand, improve its applying simulation accuracy and precision, and to couple with multidisciplinary, which will be an important trend in the lake mass transport simulation studies.
